Abstract. Current South African government policy aims to create more equitable access to marine resources and there is pressure to increase the inshore gill-net fishing effort. At present, the gill-net fishery in the Western Cape is confined to the cool temperate west coast. In order to ascertain the potential catch if the fishery was to expand along the warm temperate south-west coast, a program of experimental netting was conducted. Estuarine and coastal marine sites were sampled bimonthly, using a range of commercial gill-nets (44-178 mm stretch-mesh). Although the target species, Liza richardsonii, dominated the catches, at least 33 of the by-catch species caught were also targeted by the commercial or recreational line-fish sectors. The number of species captured and the line-fish (by-catch) catch per unit effort (CPUE) were greatest in areas currently closed to the commercial gill-net fishery. Multivariate analysis indicated significant differences in catch rates and composition between exploited west coast and unexploited south-west coast sites. A combination of natural biogeographical trends and the impact of over 100 years of commercial gill-netting on the west coast are the likely causes of these differences. A spatial expansion of the gill-net fishery could have a detrimental impact on overexploited line-fish stocks and lead to increased user conflict.
Introduction
Gill-nets were introduced into South Africa by Italian and Portuguese fishermen during the 1860s (Thompson 1913) . Conflict between gill-net fishermen and other sectors, particularly line fishers, occurred as early as 1905 (Thompson 1913) . Gilchrist (1914) investigated angler and commercial fisher complaints that gill and beach-seine netting in the Berg River and Knysna Lagoon was catching large numbers of juvenile fish and depleting stocks. Further complaints from anglers and conservation bodies over net catches of line-fish and conflict with other sectors during the next 100 years has resulted in the implementation of various management measures aimed at reducing this conflict (DeVilliers 1987; Penney 1991; .
The licensing of gill-nets became compulsory in 1973 and fishers are required to submit daily catch returns to the government Department of Sea Fisheries, now Marine and Coastal Management (MCM) (DeVilliers 1987) . The gillnet fishing effort was reduced and largely confined to the west coast ( Fig. 1 ) and various gear restrictions, particularly limits on net length and mesh size, were implemented in an attempt to reduce line-fish by-catch. In 1984, gill-net permits for the capture of galjoen Dichistius capensis were cancelled (Bennett 1988) and exchanged for permits for 178-mm stretched-mesh gill-nets intended for the capture of St Joseph sharks Callorhinchus capensis (DeVilliers 1987) . Southern mullet, Liza richardsonii, and St Joseph sharks are now the only legal target species of the gill-net fishery. The landing of line-fish species as by-catch is limited to 10 fish per permit holder per day subject to minimum size, closed season, and bag limit regulations.
One of the main aims of South Africa's new Living Marine Resources Act (implemented in 1998) is to create more equitable access to marine resources. Consequently, there has been increasing pressure on management to provide net permits to those fishers who claim to have been historically excluded from, or have operated illegally in, the fishery and to permit the catching of line-fish by this sector. Gillnets have been regarded as an ideal solution for developing inshore fisheries in impoverished countries, requiring little capital investment and low operating costs relative to other, more technologically demanding, fishing methods (Grant 1981) . However, the west coast commercial gill-net fishery is currently oversubscribed Lamberth 2002a, 2002b; Hutchings et al. 2002) , with little potential for more entrants.
Another option for increased participation in the gillnet fishery is a geographical expansion of the area where the fishery currently operates. The rationale for the spatial restriction of the fishery in the past has been based on concerns that by-catch, particularly of line-fish in areas further south and east, is too great. It was argued that the benefits of allowing gill-nets in these areas are far outweighed by the problems of increased user conflict with other sectors and conservation and angler concern over the sustainability of line-fish stocks (DeVilliers 1987) . Thus, this restriction in the areas where gill-nets may be used was based on opinion and political pressure from other users groups. The well-documented marine biogeographical trend of increasing species richness of fish from west to east around the South African coast (van der Elst and Adkin 1991; Bennett 1994; Turpie et al. 2000) appears to lend support to this decision. However, no scientific studies were undertaken to quantify the actual gill-net catch composition or catch rates along the currently closed south-west coast relative to the west coast where gill-netting is allowed. Numerous applications for gillnet permits along the south-west coast have been received in recent years. The South African government agency charged with marine resource management (MCM) also recently invited applications for gill-net permits from subsistence fishers around the entire coast. The present study investigated the potential impact on non-target species if the gill-net fishery was allowed to expand along the south-west coast.
Materials and methods

Sampling
Experimental fishing, using a range of gill-nets, was conducted bimonthly from September 1997 to July 1999 at various marine and estuarine sites throughout the study area (Fig. 1) . The three different net types provide information on the current or potential catches of three different gill-net fisheries, namely a fishery primarily targeting mullet (using 44-51-mm stretched-mesh floating drift nets), a currently illegal fishery targeting line-fish (using 145-mm sinking nets) and one targeting sharks (using 178-mm sinking nets). Standard commercially available gill-nets, 75 m in length with a hanging ratio of between 0.5 and 0.6, were used. Gill-nets were deployed from a 4-m rowing boat, which is similar to the vessels used by many artisanal net-fishers on the west coast. Nets were set for at least 1 h and often for longer periods in order to gain a sufficient sample. Overnight sets were also made on several occasions on the closed south-west coast, because anecdotal evidence suggested that illegal gill-netting occurred at night in this area. Legal commercial gill-netters frequently operate at night and overnight sets were also attempted on the west coast, but resulted in theft of our sampling nets. All fish caught were identified, counted, and measured to the nearest mm in total length. The mass of all fish caught was calculated using published length-weight equations.
Data analysis
Catch rates for all species caught in each net type in areas currently open to legal gill-netting (west coast estuaries and west coast marine) and closed to gill-netting (south-west coast estuaries and south-west coast marine) were calculated using the number and mass (in kg) of fish caught as follows:
where c i (no.) is the number of fish caught in the ith set, c i (kg) is the mass of fish caught (in kg) and e i is the soak time of the net for the ith set in hours. Thus, the catch per unit effort (CPUE) is expressed as either the number or mass of fish per standard net-hour. Both univariate and multivariate analysis were conducted using CPUE based on the number of fish caught (no. fish per net-hour) as opposed to CPUE based on mass. This was to prevent relatively scarce catches of large species from dominating the catch rate estimates. The Kruskal-Wallis ANOVA by ranks was used to test for significant differences in total (all species), target (mullet or St Joseph sharks) and by-catch (all species excluding mullet and St Joseph sharks) CPUE between the four areas. When the Kruskal-Wallis test indicated significant differences between means, non-parametric multiple comparison tests (equations 11.26 and 11.27 in Zar (1996) ) were used to determine between which areas significant differences in CPUE occurred.
Multivariate methods do not require data to be normally distributed or homoscedastic and, therefore, are ideally suited for the analysis of the catch data obtained during the present study, with many fish species absent from most samples and highly variable in abundance when they were caught. For multivariate analysis, catch data for each net type from each of the regular sampling sites were grouped and transformed into catch rates (as above; no. fish per net-hour) to standardize for differing set times and to include in the analysis sets where no fish were caught. In order to assess any differences between diurnal and nocturnal catches, overnight sets made in the sea or in estuaries along the south-west coast were grouped separately. For this analysis, CPUE data were root-root transformed, allowing rare species, which were caught only occasionally during experimental netting but are likely to be caught much more frequently in a commercial fishery, to make a greater contribution to the measure of similarity between samples (Clarke and Warwick 1994) . Using the Bray-Curtis similarity index (unweighted group-average method), similarities between samples (sites) were displayed on dendrograms and two-dimensional ordination plots, using multi-dimensional scaling (MDS). Statistical differences in catch rates and composition between groups of sites, defined a priori as representative of west coast estuarine and west coast marine (exploited sites) and south-west coast estuarine and marine (unexploited sites), were tested for by analysis of similarities (ANOSIM; Clarke and Warwick 1994) . The species primarily responsible for similarities within these groups and dissimilarities between groups were identified using Simper analysis. All multivariate analyses were conducted using the CLUSTER, MDS, ANOSIM, and SIMPER modules on the PRIMER computer package (version 4.0; Plymouth Marine Laboratory, Plymouth, UK).
Results
Marine experimental catch composition
A total of 4655 fish, representing 40 species and 25 families, were caught in 287 experimental gill-net sets in the sea along the west and south-west coasts (Table 1) . On the currently open west coast, the legal target species, L. richardsonii, dominated the 48-51-mm net catches, contributing 82% numerically and 62% by mass. A further six species, namely hound shark Mustelus mustelus (6.4% and 14% numerically and by mass, respectively), maasbanker Trachurus trachurus capensis (3% and 2.1% numerically and by mass, respectively), white stump Rhabdosargus globiceps (1.5% and 0.4% numerically and by mass, respectively), C. capensis (1.3% and 11% numerically and by mass, respectively), elf Pomatomus saltatrix (1% and 0.8% numerically and by mass, respectively), and strepie Sarpa salpa (1% and 0.4% numerically and by mass, respectively) contributed the majority of the by-catch. Liza richardsonii only contributed 43% numerically and 42% by mass to the 48-51-mm net catch along the currently closed south-west coast, with the most numerous by-catch species being S. salpa (25.5% and 12.5% numerically and by mass, respectively), P . saltatrix (10.9% and 5.5% numerically and by mass, respectively), and R. globiceps (5.9% and 1.7% numerically and by mass, respectively).
Osteichthyes, D. capensis (55% and 36% numerically and by mass, respectively), P . saltatrix (9.4% and 1.2% numerically and by mass, respectively), and white steenbras Lithognathus lithognathus (6.6% and 9% numerically and by mass, respectively) numerically dominated the 145-mm net catch along the south-west coast. The chondrichthyes cat shark Poroderma africanum (13% by mass), M. mustelus (9.7% by mass), and gully shark Triakis megalopterus (9.2% by mass) contributed significantly to the total mass caught in the 145-mm net along the south-west coast. However, the most numerous species caught along the west coast were chondrichthyes, C. capensis (33% and 37% numerically and by mass, respectively), M. mustelus (30% and 43% numerically and by mass, respectively), and the stingray Myliobatis aquila (19.8% and 12.3% numerically and by mass, respectively). The 178-mm net catch made along the south-west coast contained both osteichthyes and chondrichthyes, with four species, namely D. capensis (15% and 4% numerically and by mass, respectively), musselcracker Sparadon durbanensis (14% and 10% numerically and by mass, respectively), M. aquila (16% and 6% numerically and by mass, respectively), and T . megalopterus (14% and 37% numerically and by mass, respectively), making up nearly 60% of the catch. No teleosts were caught in the 178-mm net on the west coast. Numerically, the legal target species C. capensis contributed 32% of the total catch numerically and 30% by mass, whereas M. aquila (48% and 12% numerically and by mass, respectively) and M. mustelus (16% and 43% numerically and by mass, respectively) were the most common by-catch species on the west coast.
In all different sized mesh nets, a total of 31 species were caught in sets along the currently closed south-west coast and 25 species were caught on the open west coast. Sixteen of the species caught in experimental sets in the sea occurred in catches along both coasts, 14 were caught only on the south-west coast, and nine were caught only on the west coast (Table 1) .
Estuarine catch composition
A total of 3721 fish, representing 27 species and 14 families, were caught in 257 experimental estuarine sets ( Table 2) . Species of the family Mugilidae dominated the 48-51-mm net catches in estuaries on both coasts. In the Olifants River Estuary, the target species L. richardsonii contributed 84% numerically and 69% by mass to the 48-51-mm net catches and the most common by-catch species was flathead mullet Mugil cephalus (14% and 30% numerically and by mass, respectively). A further three species were caught in low numbers in the 48-51-mm net. Liza richardsonii numerically contributed 68% and 56% by mass to the total southwest estuarine 48-51-mm net catch, with three other mullet The 145-mm net estuarine catch was dominated numerically and by mass by P . commersonnii (67% and 61%, respectively) and A. japonicus (7.5% and 10%, respectively) in south-west coast estuaries and by the bluntnose sandshark Rhinobatos blochii (79% and 75%, respectively) in the Olifants River Estuary. The 178-mm net south-west coast estuarine catch was dominated numerically and by mass by P . commersonii (29% and 37%, respectively), L. amia (19% and 16%, respectively), A. japonicus (10% and 31%, respectively), and M. aquila (19% and 2.5%, respectively). Rhinobatos blochii (96% and 99% numerically and by mass, respectively) dominated the 178-mm west coast estuarine catch, although, due to operating difficulties, only six sets were made with this net in the Olifants River. In all nets combined, only nine by-catch species were caught in west coast estuaries, although 12 additional species that are vulnerable to capture in the mesh size gill-nets used during the present study were recorded previously in the Berg (Bennett 1994) and Olifants estuaries (Lamberth and Whitfield 1997) . In contrast, 22 by-catch species, including at least 13 line-fish species, were caught in south-west coast estuaries during the present study.
Univariate comparisons between areas
The relationship between total, target, and by-catch CPUE and the number of species caught in experimental gill-net sets in the four areas sampled is shown in Fig. 2 . The number of species caught in 44-51-mm nets was greatest in south-west coast marine sets (n = 27), similar in west coast marine (n = 20) and south-west coast estuarine sets (n = 19) and lowest for west coast estuarine sets (n = 5). More chondrichthyian species were caught in west-coast estuarine and marine sets than in south-west coast sets.
The null hypothesis that total 44-51-mm net catch rates are the same in all four areas was rejected (Kruskal-Wallis test: H 3,253 = 36.78, P < 0.001). Total CPUE recorded in south-west estuaries (34.76 fish per net-hour) was significantly greater than that recorded in west coast estuarine (8.43 fish per net-hour) and marine sites (15.43 fish per net-hour), but not significantly different to the total CPUE recorded in the sea on the south-west coast (12.76 fish per net-hour; Table 3 ).
Catch rates of the target species in the 44-51-mm nets differed significantly between the four areas (Kruskal-Wallis test: H 3,253 = 17.04, P < 0.001). Target CPUE recorded for south-west coast estuaries (28.12 fish per net-hour) was significantly greater than that recorded for all other areas. No significant differences in target CPUE were found between south-west coast marine (5.50 fish per net-hour), west coast marine (12.71 fish per net-hour), and west coast estuarine samples (7.06 fish per net-hour; Table 3 ).
By-catch CPUE for the 44-51-mm nets was also significantly different between the four areas (Kruskal-Wallis test: H 3,253 = 43.84, P < 0.001). By-catch CPUE recorded for south-west coast marine and estuarine sets (6.64 and 7.26 fish per net-hour, respectively) was significantly greater than that recorded for both west coast marine and estuarine sets (2.71 and 1.37 fish per net-hour, respectively), but not significantly different from each other. West coast marine by-catch CPUE was significantly greater than that recorded for west coast estuaries (Table 3) .
The use of 145-mm mesh nets has been illegal since 1984 and, as such, there is no legal target species. As with the 48-51-mm nets, a greater number of species were caught in south-west coast estuarine and marine sets (13 and 17, respectively) than in west coast estuarine and marine sets (six and 10, respectively; Fig. 2 ). Total CPUE was similar for marine sets on both coasts, but separation of C. capensis catches, the legal target species for the 178-mm net fishery, shows that the catch rate of other species is greater along the south-west coast. The CPUE recorded for south-west coast estuarine sets was nearly threefold that recorded in west coast estuaries. By-catch rates differed significantly between the four areas (Kruskal-Wallis test: H 3,162 = 16.48, P < 0.001). Non-parametric multiple comparison testing indicated that south-west coast marine by-catch CPUE is significantly greater than that recorded for west coast estuarine and marine sets (Table 3) . No significant differences in by-catch rates were found for pairwise comparisons between the other areas.
Because only six sets were made with 178-mm nets in west coast estuaries, this area was excluded from further analysis. Many more species, particularly teleosts, which were absent from west coast marine catches, were caught in 178-mm nets during experimental netting in south-west coast marine and estuarine habitats (Fig. 2) . The target species C. capensis was only caught in sets made along the west coast. The null hypothesis that total 178-mm net CPUE is the same in all four areas could not be rejected (Kruskal-Wallis test: H 2,123 = 4.53, P > 0.05). However, by-catch (excluding C. capensis) CPUE did differ significantly between areas (Kruskal-Wallis test: H 2,123 = 8.07, P < 0.05). Post hoc pairwise comparisons indicated that south-west marine by-catch CPUE was significantly different from that recorded for west coast marine sets (Q = 2.34, P < 0.05).
Multivariate comparisons between areas
44-51-mm mesh nets
Based on similarities in the 44-51-mm net catch rate and composition, cluster analysis separated the 18 sampling sites into three major groups and three outliers at the arbitrary 50% level of similarity (Fig. 3) . The top group comprised exclusively the south-west estuarine sites in the Breede and DeMond Rivers. The middle group included the three Olifants River sites (west coast estuarine) closely linked to one west coast marine site (Lamberts Bay) and less closely linked to one south-west coast marine site (Kruismans Bay). Catches at these five sites were dominated by the target species L. richardsonii, caught at a similar rate (3-7 fish per net-hour) with only one to three by-catch species caught at low rates. The lower group was comprised of exclusively south-west coast marine sites and included the combined overnight sets made in this area. The three outliers were all west coast marine sites. The separation of sampling sites on the two-dimensional ordination plot by MDS analysis agreed closely with the grouping pattern of the dendrogram (Fig. 3) . This suggests that both methods are adequate representations of the actual similarities between sites, despite the moderate level of stress (0.15) for the MDS plot. The three west coast marine sites that were outliers in the dendrogram form a loose group in the MDS ordination and of interest is the close placement of the Saldanha Bay site (12), a sun warmed, semi-enclosed bay on the west coast, to the south-west coast marine sites.
A one-way ANOSIM test rejected the null hypothesis that there are no significant differences in the experimental 44-51-mm net catch rates and composition between the groups of sites defined a priori as being representative of the four different areas (global R = 0.77, P < 0.05). Multivariate pairwise tests indicated significant differences between all areas, except between groups of sites from the two currently exploited west coast marine and estuarine areas (Table 4) .
The target species L. richardsonii, which was present in the catches from all four areas, contributed 32-74% to the average intragroup similarity. The low catch rates and few by-catch species caught at west coast estuarine sites are the main causes of dissimilarity between this area and sets made in the south-west estuarine and marine sites. Much (>60%) of the dissimilarity between south-west coast estuarine sets and marine sites on both coasts is due to large catches of estuarinedependent species (marked with an asterix in Table 2 ) and the absence, or low catches, of marine species. The top five species responsible for over 30% of the dissimilarity between west coast and south-west coast marine sites occurred in sets made on both coasts (Table 5) . It is a combination of differences in catch rates and presence or absence that is responsible for the dissimilarity between these two areas.
145-mm mesh nets
Cluster analysis separated 145-mm net catches made at the 17 sampling sites into four major groups at the arbitrary 25% level of similarity (Fig. 4) . These four groups correspond to the four a priori defined areas and are also reflected in the two-dimensional ordination plot derived by MDS analysis. In the ordination plot, west coast marine sites are less tightly grouped than sites from the other areas and the Saldanha Bay site is once again situated closest to the south-west coast marine group. The low stress value for the MDS ordination and the similar grouping of sites in the dendrogram and ordination plot suggests that both methods are valid representations.
The one-way ANOSIM test indicated significant differences between the a priori-defined groups of sites (global R = 0.975, P < 0.05). In contrast with the results of pairwise comparisons of the univariate by-catch CPUE, multivariate testing showed catches made at the unexploited south-west coast marine and estuarine sites to be significantly different from each other and from the catches made at exploited west coast marine and estuarine sites (Table 4) .
Estuarine-dependent species, namely P . commersonii (63%), L. tricuspidens (12.5%) and M. cephalus (6.6%), were responsible for more than 80% of the average similarity within the south-west estuary group (Wallace et al. 1984) . Callorhinchus capensis (52.3%), D. capensis (19.7%), and M. mustelus (17.3%) contributed 89.3% to the average similarity within the west coast marine group. Similarity within south-west coast marine group was largely due to catches of D. capensis (43.9%), L. lithognathus (18.6%), and zebra Diplodus cervinus hottentotus (7.8%).
Average dissimilarity between groups (80.5-98.5%) was much greater than the intragroup similarity. Once again, dissimilarity between the south-west estuarine group and the marine groups from both coasts was largely due to catches of estuarine dependants or opportunists and the absence of marine species in estuaries. Dissimilarity between west coast and south-west coast marine groups was mostly due to the absence of particular species in one of the areas (Table 5) .
178-mm stretch mesh nets
Cluster analysis separated the 15 sampling sites (178-mm net sets were grouped into fewer sites to achieve similar sampling effort at each site) into four major groups at the 20% level of similarity (Fig. 5) . West coast marine sites separated into two groups of two sites each, with the more exposed Jacobs Bay and Lamberts Bay sites grouping separately from the more sheltered, relatively warmer water Dwarskersbos and Saldanha Bay sites. South-west coast marine and estuarine sites once again formed cohesive groups and the six sets that were made in the Olifants River grouped out separately. As with the other mesh size nets, overnight sets made at marine sites along the south-west coast linked to the sites where only daytime sets were made, suggesting no significant differences between nocturnal and diurnal sets. The grouping of sites in the dendrogram was mirrored in the twodimensional ordination derived by MDS analysis, with the 'warm water' west coast marine group placed closest to the south-west coast marine group (Fig. 5) .
A one-way ANOSIM test indicated significant differences in catch rates and composition between the a prioridesignated South-west marine, estuarine, and west coast marine areas (global R = 0.975, P < 0.05). The west coast estuarine group was excluded from testing because sampling with the 178-mm net was conducted at only one site. Multivariate pairwise tests showed significant differences (P < 0.01) between all three areas.
The average intragroup similarity for the three areas, calculated by the SIMPER program, was low: 28.2% for the south-west estuarine group, 27.2% for the west coast marine group, and 45% for the south-west marine group. Once again, estuarine-dependent species were responsible for more than 80% of the average similarity within the south-west estuary group. The legal target species, C. capensis (47.7%), and a common by-catch shark species, seven-gill cowshark Notorynchus cepidianus (36.2%), contributed 83.9% to the average similarity within the west coast marine group. Similarity within South-west coast marine group was largely due to catches of T . megalopterus (31.6%), D. capensis (16.1%), M. aquila (15.5%), and S. durbanensis (7.8%). Average dissimilarity between the south-west estuarine group and the south-west (90.7%) and west-coast (97.6%) marine groups is again due to the presence of estuarine opportunists and the absence of marine species, particularly chondrichthyes, such as C. capensis, N . cepedianus, M. mustelus, and T . megalopterus, in estuaries. Of the nine species collectively responsible for 78% of the dissimilarity between south-west and west coast marine groups (Table 5) , five were caught only along the south-west coast, although none is limited in distribution to the east of Cape Point (Smith and Heemstra 1986) . The two species that were caught solely in the west coast sets, namely C. capensis and N. cepedianus, do occur along both coasts (Smith and Heemstra 1986) .
Length-frequency distributions of catches
The length-frequency distributions of the legal target species, L. richardsonii, caught during experimental gill-netting around the coast are shown in Fig. 6 . Significant differences were found between the average length of fish caught in the different regions (ANOVA: F 3,175 = 40.56, P < 0.05). The average length of L. richardsonii caught in the sea on the west coast, where netting is intensive, was significantly smaller than the average size of fish caught in the sea along the south-west coast where only limited beach-seining takes place (Tukey HSD test: P < 0.05). Liza richardsonii caught in estuaries along the south-west coast, where no legal netting takes place, were larger than the fish caught in all other regions (Fig. 6) . A greater range in the size of fish caught in south-west coast estuaries was observed, probably due to the capture of a combination of small fish that had recently migrated into the estuary and larger fish that had been resident for some time.
Length-frequency distributions for the more commonly caught linefish by-catch in experimental gill-net sets along both the west and south-west coasts are shown in Fig. 7 . For all species that occurred in sets on both coasts, the average size of fish caught on the west coast was significantly smaller (t-test: P < 0.05) than the average size caught on the southwest coast (Fig. 7) .
Length-frequency distributions of species that were caught in estuaries and the sea only along the south-west coast are shown in Fig. 8 . With the exception of P . saltatrix, D. capensis, S. durbanensis, and P . commersonnii caught on the south-west coast, the majority of the gill-net by-catch comprised immature fish. This is partly a result of the size selectivity of the small mesh harder nets, but also reflects the importance of the inshore surf zone and estuaries as nursery areas for many species. Fig. 8 . Length-frequency distributions of by-catch species caught in estuaries and the sea only along the south-west coast. Unshaded bars represent fish with a total length <50% maturity. a Day et al. (1981) ; b Bennett (1993b) ; c van der Elst (1988); d Wallace (1975) ; e Griffiths (1996) ; f Goosen (1997) ; g Griffiths (1997b) ; h Buxton and Clarke (1991) .
Comparative catch rates of shore anglers and experimental gill-nets
Gill-nets, unlike beach-seines and other mobile fishing gears, can be set over shallow rocky substrata and catch fish that can usually only be exploited by line or spear fishing. Catch rates of line-fish species in experimental gill-net sets in the sea and estuaries were substantially greater than those made by recreational shore anglers along the south-west coast (Table 6) . Gill-nets are far more efficient at catching many vulnerable and overexploited fish species than line-or spear-fishers are, but can still be worked easily by one or two people. Based on the relative catch rates of gill-nets and line-fishers, each new net permit issued for the south-west coast will have an overall impact on line-fish species roughly equivalent to that of 21 anglers .
Discussion
There were several advantages in using fishery independent experimental netting, rather than issuing 'experimental' permits, to aspirant fishers in order to assess the potential impacts of an expanding gill-net fishery in the Western Cape. The monitoring and control of a commercial-scale experimental Brouwer et al. (1997). gill-net fishery in the area would be extremely difficult. Furthermore, the issue of experimental permits could create a precedent and high future expectations among applicants for allowing gill-netting along the south-west coast (Kyle 1999) . In contrast, commercial fishers develop extensive local knowledge and expertise and are likely to be far more efficient at maximizing the harvest of target species than researchers. This may result in experimental catch data that are not representative of commercial catches (Bronte and Johnson 1984; Quinn 1988) .
Commercial west coast gill-net catch composition was similar to that obtained during experimental netting in the same area. Only seven by-catch species that were recorded in low numbers in commercial landings were not present in experimental catches (Hutchings and Lamberth 2002a) . Overall catch rates (all species) for commercial operations were much greater (3.6-5.4-fold) than those recorded for experimental netting (Hutchings and Lamberth 2002a) . Commercial fishers are usually only active during favourable weather conditions or during times of known fish abundance. In contrast, experimental netting was conducted bimonthly at each site, even during obviously unfavourable conditions, and catches were highly variable. However, experimental CPUE recorded under fair conditions was similar to or, in some cases, even exceeded that made by commercial fishers active at the same time. Therefore, maximum experimental CPUE should be regarded as the real catch potential of gill-nets under fair conditions. The differences between commercial and experimental catch rates do not affect the validity of comparisons made between experimental catches in the different areas. It should simply be noted that if a commercial gill-net fishery were allowed to develop along the south-west coast, the number of species caught and, in particular, catch rates are likely to be greater that those recorded during experimental netting.
For all net types used, more species were caught in estuaries and the sea on the south-west coast than on the currently exploited west coast. Although total and target CPUE did not always differ significantly between areas, the catch rates of by-catch species were significantly greater along the southwest coast. With the exception of juvenile snoek Thyrsites atun, the other species that were caught exclusively on the west coast are currently of little or no importance to other sectors (Penney et al. 1989; van der Elst and Adkin 1991) . At least nine of the species, namely belman Umbrina ronchus, D. cervinus, S. durbanensis, L. lithognathus, R. holubi, L. amia, A. japonicus, P . commersonnii, and T . megalopterus , caught exclusively on the south-west coast are highly sought after by recreational anglers and spear-fishers (Wallace et al. 1984; van der Elst 1988; van der Elst andAdkin 1991; Brouwer et al. 1997; Mann et al. 1997a) . Furthermore, catch rates of species important to the commercial or recreational line fisheries, such as A. inodorus, D. sargus, D. capensis, P . saltatrix, R. globiceps, and S. salpa, were substantially greater along the south-west coast than on the west coast.
A new management protocol for South African linefish, based on quantitative stock assessments and the use of biological reference points for each species, is currently being implemented . The new protocol requires that urgent management action be taken to reduce fishing effort on stocks that are considered to be overexploited (spawner biomass per recruit (SB/R) level, estimated at 25-39% of pristine) or collapsed (< 25% SB/R F = 0; Griffiths et al. 1999) . In the absence of quantitative stock assessment data, several alternative stock status indicators, such as declining CPUE, species proportion in catch composition, changes in sex ratio, or public concern over declining catches, may be used .
The stocks of three species, namely L. lithognathus, A. japonicus, and A. inodorus, caught in experimental gillnet sets predominantly or exclusively along the south-west coast are regarded as collapsed (Bennett 1993a; Griffiths 1997a Griffiths , 1997c . A management recommendation has been made that beach-seine fishers in False Bay should be prohibited from landing and selling L. lithognathus and recreational and commercial line-fishers be restricted to a bag limit of one fish per permit holder per day (Lamberth 2000) . Griffiths (1997c) specifically states that the development of beachseine and gill-net fisheries along the east coast would be highly undesirable, given that a reduction of inshore fishing mortality is required for rebuilding the A. japonicus stocks. The stocks of a further two species that are vulnerable to capture in gill-nets, namely P . saltatrix and the female portion of the D. capensis stock, are overexploited (Bennett 1988; Govender 1997) . The gill-net fishery for D. capensis on the west coast was banned more than 15 years ago due to concerns over sustainability (Bennett 1988) . Large-scale illegal targeting of D. capensis still occurs along the west coast Lamberth 2002a, 2002b ) and the development of any gill-net fishery along the south-west coast will likely result in increased illegal targeting of this species. Long-term declines in CPUE have been recorded for P . olivaceum in Natal (Mann et al. 1997b) , S. durbanensis in the South-east Cape (Brouwer 1997) , and R. globiceps throughout its range (Griffiths 1999) . Clearly, the current fishing effort (mostly commercial and recreational line-fishing) on these stocks is not sustainable. An increase in fishing mortality for any of these species, which would occur if gill-netting was permitted on the southwest coast, is contrary to current management objectives.
Concern should not only be expressed over catches of species that are important to other sectors, but also over the ecological impacts of the fishery as a whole. Ecosystem effects of fishing include changes in fish community structure and trophic interactions that, in turn, may affect predatorprey interactions and algal and invertebrate communities (Jennings and Lock 1996) . In light of the greater number of species vulnerable to capture and higher catch rates recorded along the south-west coast, an expansion of the gillnet fishery would be a serious threat to ecological functioning and biodiversity in this region.
Estuaries are widely recognized as fulfilling an important 'nursery' function for many fish species (Wallace et al. 1984; Bennett 1994) . In South Africa, anthropogenic activities in catchment areas and estuaries have seriously degraded many of these systems, with the result that only 24% of estuaries in the Western Cape are rated as being in a 'good' condition (Heydorn 1989) . Widespread estuarine degradation means that many species that utilize estuaries can be regarded as vulnerable (van der Elst and Adkin 1991). Forty-five percent of the 22 species that were caught in experimental gill-net sets in south-west coast estuaries show some degree of estuarine dependence and 23% are highly sought after recreational and/or commercial line-fish species (Wallace et al. 1984; van der Elst and Adkin 1991) . The development of a gillnet fishery in South-western Cape estuaries, particularly a fishery using 44-51-mm mesh nets, which catch many juveniles, would seriously compromise the value of estuaries in the region as nursery areas for these species.
The nursery function of estuaries brings into question the practice on the west coast where the only two permanently open estuaries in the Namaqua Marine Biogeographical Province (Olifants and Berg Rivers) are subject to intensive commercial gill-net fishing pressure. Indeed, due to the higher proportion of estuarine-dependent species in these rivers, Bennett (1994) and Lamberth and Whitfield (1997) argue that west coast estuaries may be more important to coastal fish than estuaries in other regions. Important recreational line-fish, such as R. globiceps, P . saltatrix, A. inodorus, L. amia, R. holubi, and L. lithognathus, have been recorded previously in surveys of these estuaries and anecdotal evidence suggests that substantial catches were made by fishers in the past (Day et al. 1981; Bennett 1994; Lamberth and Whitfield, 1997) . The fact that most of these species were not captured in west coast estuarine sets during the present study but were captured in south-west coast estuaries suggests reduced abundance in the former, possibly due to the high commercial gill-net effort. The continued existence of commercial gill-net fisheries in west coast estuaries is in conflict with the recommendation that estuaries throughout South Africa should not be zoned for commercial use (Mann 1997) .
Examining some of the possible reasons as to why the catches between exploited and unexploited areas differ so dramatically can give some insight into the past and possible future impacts of gill-net fishing in the region. Intuitively, the biogeographical trend of decreasing fish species richness from east to west (Whitfield 1983; Smith and Heemstra 1986; van der Elst andAdkin 1991; Bennett 1994; Turpie et al. 2000) is the most obvious reason for the differences between west and south-west coast catches. This south-westward decline in diversity is linked to the attenuation of tropical and subtropical species due to changing oceanographic conditions, particularly decreasing water temperature and increasing productivity (Whitfield 1983; Hockey and Branch 1994; Turpie et al. 2000) .
The variation in the physical environment and the resultant biogeographical trends undoubtedly played a role in determining catch differences between areas. Certainly for estuarine catches, differences between south-west and west coasts result from the fact that many of the species that were caught along the south-west coast simply do not occur on the west coast. In contrast, species that are limited in distribution to the east of Cape Point contributed little (< 10%) to the dissimilarity between west and south-west coast marine catches. For all net types, most of the species that were identified by SIMPER analysis as being primarily responsible for the dissimilarity between west and south-west coast marine gill-net catches do occur along both coasts. A possible explanation as to why the experimental catch rates of species such as D. capensis, P . saltatrix, A. inodorus, D. sargus, R. globiceps, L. lithognathus, and S. salpa were substantially greater along the south-west coast is that over 100 years of intensive commercial gill-netting has reduced the abundance of these species on the west coast. A reduction in numerical abundance and biomass of species selectively targeted by a fishery is the most likely detectable effect of fishing pressure (Jennings and Lock 1996) . Historical records document substantial net catches of D. capensis, L. lithognathus, R. globiceps, P . saltatrix, and A. inodorus on the west coast in the past (Biden 1954; Bennett 1988 Bennett , 1993a . It can only be concluded that a combination of biogeographical and fishery effects are responsible for differences in experimental gillnet catches between the West and South-west Cape coasts of South Africa.
Other documented effects of fishing pressure are changes in the size and age structure of exploited populations, which is particularly noticeable if the fishing gear or methods are size selective (Jennings and Lock 1996) . Gill-nets are highly selective as a function of mesh size and fish shape and size (Dalzell 1996) . The smaller mean size of fish caught and few individuals at liberty above the size selected for by the gill-nets used in the fishery suggests that fishing mortality for these species is high relative to recruitment on the west coast. The clear differences in population size structure of both target and by-catch species caught on the heavily exploited west coast and the south-west coast (an area with low net fishing effort) lend considerable support to the argument that gill-net fishing pressure has impacted on west coast fish populations. The exact same nets were used and sampling was conducted during the same 2-week field trips on both coasts, so net selectivity and size-specific temporal variation in distribution are not the causes of these population size structure differences. This evidence must be interpreted with caution because there may be natural size-specific spatial variations in the species distribution or biases induced by migration patterns (Jennings and Lock 1996) ; for example, juveniles frequenting the west coast and migrating to the south-west coast as adults. However, fish of similar maximum size were recorded on both coasts, suggesting that there are no biological or environmental forces restricting growth on the west coast. Whatever the reason, the implication of this is that an expansion of the gill-net fishery along the south-west coast will result in an increased net catch of large mature line-fish and the 'fishing down' of the average size fish on the south-west coast.
Experimental netting indicates that, with an expansion of the gill-net fishery in the South-west Cape, the catch composition is likely to change from one dominated by the target species with a small by-catch component (<5%), to a situation where high-value line-fish comprise a substantial proportion of the total catch. If a gill-net fishery with similar effort levels (approximately 28 000 gill-net days per year; Hutchings and Lamberth 2002b) to the one that currently exists on the west coast was to develop along the south-west coast, the line-fish by-catch, based on experimental catch rates estimated during the present study, would increase by approximately 600%. The resultant south-west coast annual line-fish catch by gill-nets would be in the region of 1080 tonnes, compared with 130 tonnes on the west coast. This figure is roughly equivalent to the annual shore angler catch (1020 tonnes) estimated by Brouwer et al. (1997) , despite much higher levels of participation and effort, in the recreational line fishery. An increase of this magnitude in effort directed at line-fish species and the resultant increase in fishing mortality is obviously not desirable at a time when management is trying to reduce total catch and effort, with the aim of rebuilding overexploited line-fish stocks. The development of a gill-net fishery along the south-west coast, a much more densely populated region, where an estimated 658 862 shore-angler days per year occur (cf. 205 242 angler days per year on the west coast; Brouwer et al. 1997) , will drastically increase user conflict between these two sectors.
However, the total mullet catch would only increase by approximately 50% with a resultant south-west coast catch of approximately 1500 tonnes compared with 3000 tonnes on the west coast. These rough calculations are based on experimental catch rates obtained on the relatively unexploited south-west coast and the sustainability of these catches at higher effort levels is not known. To new entrants on the south-west coast, the economic value of line-fish by-catch to the fishers would far exceed the value of the intended target species, at least initially until catch rates inevitably decline. It is not realistic to think that this by-catch could be controlled by enforcement of maximum mesh sizes, because substantial numbers of juvenile line-fish are vulnerable to capture in small mesh 44-51-mm nets anyway. Furthermore, once exposed to gill-net 'technology', fishers would soon realize the economic potential of using larger mesh sizes and illegal net-fishing would develop rapidly. Given the failure of attempts by the MCM inspectorate in controlling illegal netting on the west coast (Hutchings and Lamberth 2002a) , it is unlikely that this could be controlled elsewhere.
Closed or restricted netting areas are widely used as a management tool to regulate gill-net fisheries. Closed areas help to reduce real or perceived competition and conflict between user groups and/or limit the impact of gill-netting in ecologically 'sensitive' areas, or on vulnerable species aggregations (Moore 1980; Quinn 1988; Mann 1995; Milton et al. 1998; Kyle 1999) . Experimental netting conducted during the present study has provided strong support for the maintenance of current spatial restriction of gill-netting in the Western Cape.
